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Claim /2* 

1 . High-strength titanium alloys having uniform microstructure are characterized in that 
in a type, a+p type and p type titanium alloys, 0.1-0.8% by weight O is added, and 0.001-0.5% 
total weight of one or more of P, As, Sb, Bi, S, Se, Te, and B. 

2. High-strength titanium alloys having uniform microstructure are characterized in that 
in a type titanium alloys containing 0.5-7% by weight Al and the balance Ti and inevitable 



* [Numbers in the margin indicate pagination of the original foreign language text.] 
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impurities, 0.1-0.8% by weight O is added, and 0.001-0.5% total weight of one or more of P, As, 
Sb, Bi, S, Se, Te, and B. 

3. High-strength titanium alloys having uniform microstructure are characterized in that 
in a type titanium alloys containing 0.5-7% by weight Al, 1-6% by weight Sn, and the balance 
Ti and inevitable impurities, 0.1-0.8% by weight O is added, and 0.001-0.5% of one or more of 
P, As, Sb, Bi, S, Se, Te, and B. 

4. High-strength titanixmi alloys having uniform microstructure are characterized in that 
in a+p type titanium alloys containing 0.2-7% by weight V and the balance Ti and inevitable 
impurities, 0.1-0.8% by weight O is added, and 0.001-0.5% total weight of one or more of P, As, 
Sb, Bi, S, Se, Te, and B. 

5. High-strength titanium alloys having uniform microstructure are characterized in that 
in a+p type titanium alloys containing 0.5-7% by weight Al, 0.2-12% by weight V, and the 
balance Ti and inevitable impurities, 0.1-0.8% by weight O is added, and 0.001-0.5% total 
weight of one or more of P, As, Sb, Bi, S, Se, Te, and B. 

6. High-strength titanium alloys having uniform microstructure are characterized in that 
in a+p type titanium alloys containing, as % by weight, 0.5-7% Al, 0,2-12% V or 1-7% Mo, 
furthermore one or more of 1-6% Sn, 3-8% Zr, 0.1-3% Fe, and 0.1-3% Cu, and the balance Ti 
and inevitable impurities, 0.1-0.8% by weight O is added, and 0.001-0.5% total weight of one or 
more of P, As, Sb, Bi, S, Se, Te, and B. 

7. High-strength titanixmi alloys having xmiform microstructure are characterized in that 
in p type titanium alloys containing, as % by total weight, 9-27%, of one or more of V, Mo, and 
Cr, and one or more of 0.5-4% Al, 1-6% Sn, and 3-8% Zr, with the balance Ti and inevitable 
impurities, 0.1-0.8%, to which 0.001-0.5% total weight O is added and one or more of P, As, Sb, 
Bi, S, Se, Te, and B. 

8. High-strength titanium alloys having uniform microstructure are characterized in that 
in a type titanium alloys containing, as % by weight, 0.1-3% Fe, 0.01-0.12% N, with the balance 
Ti and inevitable impurities, to which 0.1-0.8% by weight O is added, and 0.001-0.5% total 
weight of one or more of P, As, Sb, Bi, S, Se, Te, and B. 

Detailed explanation of the invention 
[0001] 

Industrial utilization field 

The present invention relates to titanium alloys having uniform microstructure and 
improved strength at normal and high temperatures in a type, a+p type and p type titanium 
alloys. 
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[0002] 
Prior art 

Titanium alloys have been used in many structural material fields as well as aircraft parts 
and their uses have recently been expanded owing to the high specific strength and corrosion 
resistance titanium alloys have, as well as heat resistance. Among the most notable of these, 
there are 3 kinds of titanium alloys: a type, comprising the a phase of hexagonal crystal, as the 
metal structure, a+p type comprising a and p phases of body-centered cubic crystals, and p type 
comprising p phase. 

[0003] 

etc. In a type alloys, there are Ti-5Al-2.5Sn, Ti-5.5AL Those alloys have higher strength 
than pure titanium and are always stable at temperatures below p transformation point giving 
superior thermal stability and creep resistance at high temperature useful in engine cases of 
aircraft, etc. Among a+p type alloys are Ti-6A1-4V, Ti-3A1-2.5V, Ti-6Al-2Sn-4Zr-2Mo and 
Ti-6Al-2Sn-4Zr-6Mo, etc. Since these are two-phase alloys, they have such excellent, balanced 
characteristics for processing as parts producibility and weldability and in products. Those of 
strength and fatigue resistance useful for various structural parts. Among p type alloys are 
Ti-15V-3Cr-3Sn-3Al, Ti-3Al-8V-6Cr-4Mo-4Zr, etc. In these alloys, p phase can be maintained 
at up to normal temperature, thus yielding excellent cold workability, and high strength is 
obtained by heat treatment. In recent years, these have been actively developed and used in 
various fields of application. 

[0004] 

Further improvements have been demanded of the aforementioned titanium alloys in 
strength, heat-resistance high temperature environments in addition to uniform microstructure to 
increase fatigue strength. Recent interest focuses on extending the high strength in normal 
environments to perform at all temperatures certain materials have normal to high, as well as 
expanding of their uses. Depending on their uses, titanium alloys are cast or supplied in /3 
various shapes such as plate, wire and shaped articles, and the like obtained by molding after 
casting. As a cast material, however, they presented such problems as deficiencies in strength, 
ductility, etc., due to rough cast structure. Further, to obtain uniform microstructure, they need to 
be processed at high rates in temperature regions below the p transformation point (for example, 
at 930''C for Ti-3A1-2.5V and 990''C for Ti-6A1-4V); thus, there was a problem of cracking in 
titanium alloys having poorer hot processability. 
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[0005] 

Problem to be solved by the invention 

To meet the aforementioned demand and solve the above-mentioned problems, the 
present invention aims to provide a type, a+p type and p type titanium alloys having uniform 
microstructure and improved strength at normal and high temperatures. 

[0006] 

Means for solving the problem 

The present inventors found that when O is added to titanium alloys, as well as one or 
more of P, As, Sb, Bi, S, Se, Te, and B, the strength of cast and hot-worked materials is 
improved by the compound effect of the additives in yielding a imiform microstructure. Because 
uniform microstructure is obtained as cast, the limit of the temperature range for a+p zone 
processing in the prior art can be relaxed even in the subsequent processing. 

[0007] 

The present invention is based on the above-mentioned findings for the following 
purposes. 

(1) High-strength titanium alloys having uniform microstructure are characterized in that in a 
type, a+p type and p type titanium alloys, 0.1-0.8% by weight O is added, and 0.001-0.5% total 
weight of one or more of P, As, Sb, Bi, S, Se, Te, and B. 

(2) High-strength titanium alloys having uniform microstructure are characterized in that in a 
type titanium alloys containing 0.5-7% by weight Al and the balance Ti and inevitable 
impurities, 0.1-0.8% total weight O is added, and 0.001-0.5% total weight of one or more of P, 
As, Sb, Bi, S, Se, Te, and B. 

(3) High-strength titanium alloys having uniform microstructure are characterized in that in a 
type titanium alloys containing 0.5-7% by weight Al, 1-6% by weight Sn, and the balance Ti and 
inevitable impurities, 0.1-0.8% by weight O is added, and 0.001-0.5% total weight of one or 
more of P, As, Sb, Bi, S, Se, Te, and B. 

(4) High-strength titanium alloys having uniform microstructure are characterized in that in a+P 
type titanium alloys containing 0.2-7% by weight V and the balance Ti and inevitable impurities, 
0.1-0.8% by weight O is added, and 0.001-0.5% total weight of one or more of P, As, Sb, Bi, S, 
Se, Te, and B. 

(5) High-strength titanium alloys having xmiform microstructure are characterized in that in a+p 
type titanium alloys containing 0.5-7% by weight Al, 0.2-12% by weight V, and the balance Ti 
and inevitable impurities, 0.1-0.8% by weight O is added, and 0.001-0.5% total weight of one or 
more of P, As, Sb, Bi, S, Se, Te, and B. 
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(6) High-strength titanium alloys having uniform microstructure are characterized in that in a+p 
type titanium alloys containing, as % by weight, 0.5-7% Al, 0.2-12% V or 1-7% Mo, 
furthermore one or more of 1-6% Sn, 3-8% Zr, 0.1-3% Fe, and 0.1-3% Cu, and the balance Ti 
and inevitable impurities, 0.1-0.8% by weight O is added, and 0.001-0.5% total weight of one or 
more of P, As, Sb, Bi, S, Se, Te, and B. 

(7) High-strength titaniimi alloys having uniform microstructure are characterized in that in p 
type titanium alloys containing, as % of total weight, 9-27%, of one or more of V, Mo, and Cr, 
and one or more of 0.5-4% Al, 1-6% Sn, and 3-8% Zr, and the balance Ti and inevitable 
impurities, 0.1-0.8% by weight O is added, and 0.001-0.5% total weight of one or more of P, As, 
Sb, Bi, S, Se, Te, and B. 

(8) High-strength titanium alloys having uniform microstructure are characterized in that in a 
type titanium alloys containing as % by weight, 0.1-3% Fe, 0.01-0.12% N, and the balance Ti 
and inevitable impurities, 0.1-0.8% by weight O is added, further 0.001-0.5% total weight of one 
or more of P, As, Sb, Bi, S, Se, Te, and B. 

[0008] 

Claim 1 forms uniform microstructure and improves the strength of various titanium 
alloys of a, a+p, and p types by adding O and one or more of P, As, Sb, Bi, S, Se, Te, and B. As 
typical examples, Ti-5Al-2.5Sn was selected as the a type alloy, Ti-6A1-4V and Ti-3A1-2.5V as 
a+p type alloys, and Ti-15V-3Cr-3Sn-3Al as the p type, and their tensile strength at normal and 
high temperatures were examined as well as the structure of rod materials, which were 
manufactured from the above titanixmi alloys by adding O and P, As, Sb, Bi, S, Se, Te, and/or B 
and melting. As a result, it was found that P and each element of As, Sb, Bi, S, Se, Te, and B 
form compounds with Ti, and when the compoxmds coexist v^th O the matrix is strengthened as 
these composite compounds are finely dispersed to obtain uniform cast microstructure. Notable 
strength improvement results and at the same time, the improved processability owing to the I A 
fine grain of the structure and solid solution strengthening of O, P, etc. This effect is manifest 
when 0.1% by weight or more of O is added and 0.001% or more total weight P and/or other 
elements. When O exceeds 0.8% by weight, and the total of P and/or other elements exceeds 
0.5% by weight, the fining effect on the structure becomes less notable, and ductility suffers. 
Further, when the amount of O added is less than 0.1% by weight or when the total of P and/or 
other elements is less than 0.001% by weight, little or no xmiform fining effect can be observed 
on structure. Therefore, as indicated in Claim 1, the decision was made to add 0.1-0.8% by 
weight O and 0.001-0.5% total weight of one or more of P, As, Sb, Bi, S, Se, Te, and B. 
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[0009] 

Claim 2 is aimed at a type titaniimi alloys represented by Ti-5.5A1. Al is contained for 
stabilization of a phase and solid solution strengthening, and its effect is revealed at 5% by 
weight or more of Al. But, if it exceeds 7% by weight, Tia Al intermetallic compound precipitates 
to degrade the processability, and for these reasons its content is set at 0.5-7% by weight. 
Further, by the same reason as in Claim 1, 0 is added at 0. 1-0.8% by weight, and one or more of 
As, Sb, Bi, S, Se, Te, and B is added at 0.001-0.5% by weight as sum total. 

[0010] 

Claim 3 is aimed at a type titanium alloys represented by Ti-5Al-2.5Sn. Al is added at 
0.5-7% by weight for the same reason as in Claim 2. Sn is added for solid solution strengthening, 
showing its effect at 1% by weight or more of Sn, but saturating when it exceeds 6% by weight. 
Its content is thus set at 1-6% by weight. Further, for the same reason as in Claim 1, 0 is added 
at 0.1-0.8% by weight, and one or more of As, Sb, Bi, S, Se, Te, and B is added at 0.001-0.5% 
total weight. 

[0011] 

Claim 4 is aimed at a+p alloys such as Ti-2.5V, etc. V is added for p phase stabilization, 
solid solution strengthening and improvement of processability. Its effect is revealed at 0.2% by 
weight or more, but when only V is contained and it exceeds 7% by weight, the a phase becomes 
unstable, so its content is set at 0.2-7% by weight. Further, for the same reason as in Claim 1, 0 
is added at 0.1-0.8% by weight, and one or more of As, Sb, Bi, S, Se, Te, and B at 0.001-0.5% by 
weight. 

[0012] 

Claim 5 is aimed at a+p alloys such as Ti-6A1-4V, Ti-3A1-2.5V, etc. Al is added at 0.5- 
7% by weight for a phase stabilization and solid solution strengthening as in Claim 2. V is added 
for p phase stabilization, solid solution strengthening and improvement of processability. Its 
effect is revealed at 0.2% or more by weight, but at 12% by weight the a phase becomes 
unstable, so its content is set at 0.2-12% by weight. Further, for the same reason as in Claim 1, 0 
is added at 0.1-0.8% by weight, and one or more of As, Sb, Bi, S, Se, Te, and B at 0.001-0.5%. 

[0013] 

Claim 6 is aimed at a+p alloys such as Ti-6Al-2Sn-4Zr-2Mo, 
Ti-6Al-6V-2Sn, Ti-6Al-2Sn-4Zr-6Mo, Ti-10V-2Fe-3Al, etc. Al is added at 0.5-7% by weight for 
a phase stabilization and solid solution strengthening, as in Claim 2. V or Mo is added for p 
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phase stabilization, solid solution strengthening and improvement of processability. Its effect is 
revealed at 0.2% or more by weight V and 1% or more by weight Mo, but the a phase becomes 
unstable when V exceeds 12% by weight and when Mo exceeds 7% by weight, so V is added at 
0.2-12% by weight or Mo at 1-7%. Sn, Zr, Fe, and Cu are all effective elements for solid solution 
strengthening, and their effect is revealed at 1% by weight or more of Sn, 3% by weight or more 
of Zr, and 0.1% by weight or more of Fe and Cu each. The effect is saturated however, when Sn 
exceeds 6% by weight and when Zr exceeds 8% by weight, and eutectoid compounds precipitate 
to deteriorate processability when Fe and Cu each exceed 3% by weight. Thus, the alloy will 
contain one or more of 1-6% Sn by weight, 3-8% Zr, 0.1-3% Fe, and 0.1-3% Cu. Further, for the 
same reason as in Claim 1, 0 is added at 0.1-0.8% by weight, and one or more of As, Sb, Bi, S, 
Se, Te, and B is added at 0.001-0.5% by weight. 



Claim 7 is aimed at p alloys such as Ti-13V-l iqf*-3Al, Ti-3Al-8V-6Cr-4Mo-4Zr (pc 
alloy), Ti-ll.5Mo-6Zr-4.5Sn (pill alloy), Ti-15V-3Cr-3Sn-3Al, etc. V, Mo, and Cr are added for 
p phase stabilization, solid solution strengthening, and processability improvement, and their 
effects are revealed when one or more of those elements are at 9% total weight or more. If their 
content exceeds 27% by weight, these elements are easily segregated and the improvement of 
product characteristics including fatigue strength cannot be expected; in addition the specific 
gravity increases so that high specific strength, which is a special feature of titanium alloys, is 
degraded. Their content is accordingly set at 9-27% by total weight. Al, Sn and Zr are all 
effective elements for solid solution strengthening. Al and Sn have the further effect of 
controlling embrittlement of materials by precipitation of co phase, and their effect is revealed 
when Al is 0.5% or more by weight and when Sn is 1% or more by weight. Furthermore, Zr has 
to effect of stabilizing p phase, and its effect is revealed at 3% by weight. However, the p 15 
phase becomes unstable when Al exceeds 4% by weight and the effect is saturated when Sn 
exceeds 6% by weight and Zr exceeds 8%. Thus, it contains one or more of 0.5-4% Al by 
weight, 1-6% Sn by weight, and 3-8% Zr by weight. For the same reason as in Claim 1, 0 is 
added at 0.1-0.8% by weight, and one or more of As, Sb, Bi, S, Se, Te, and B at 0.001-0.5% of 
the total weight. 



Claim 8 is aimed at a type titanium alloys such as Ti-0.5Fe-0.05N alloy, etc. Fe is added 
for solid solution strengthening as in Claim 6. N is also added for solid solution strengthening, 
and its effect is revealed at 0.01% by weight or more, but ductility tends to be degraded when it 
exceeds 0.12% by weight. Thus, it is set to contain Fe at 0.1-3% by weight and N at 0.01-0.12% 



[0014] 




[0015] 
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by weight. For the same reason as in Claim 1, 0 is added at 0.1-0.8% by weight, and one or more 
of As, Sb, Bi, S, Se, Te, and B is added at 0.001-0.5% by total weight. 

[0016] 

Titaniimi alloys of the present invention can be provided as cast material and in various 
shapes such as plate, wire, rods, shaped items, etc., obtained from cast material by hot rolling or 
hot extrusion and cold rolling if necessary, and can also be provided as welded structural 
materials and welding materials. These can also be provided as powdered molding materials. 
Especially since the microstructure can be obtained even in cast material, the limit of processing 
temperature range is relaxed, and the heat treatment condition is similarly relaxed, and they can 
thus be processed more easily than conventional materials without cracking. A more uniform 
structure is also obtained when the present invention materials are processed and heat treated in 
the conventional processing condition range. 

[0017] 

Application examples 

Various titanium alloys shown in Table 1 to Table 4 were melted and cast. Then, a 10 
mm-diameter tensile test piece was obtained from round rod produced from the Ti alloys by 
heating at 1 lOO^C and hot extruding, and was subjected to tensile tests at normal and high 
temperatures for stress testing. As shown in the tables, strength at normal and high temperatures 
was superior in all of the present embodiments of the invention to that of the comparative 
examples, and the cast materials of all of the embodiments of the present invention had more 
uniform microstructure in comparison with comparative examples. The structures of cast 
materials in Embodiment 12 of the present invention in Table 1 and Comparative Example 67 in 
Table 4 are shown in Figure 1 . The fining effect of the structure by the present invention is clear. 
Furthermore, in Comparative Examples 53, 54, 56, 59, and 61 in Table 4, where excessive 
amounts of P or O were added, the extruded materials had cracks. 
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[0018] 

Table 1 16 



No. 


Alloy component (% by weight) 


Al 


Sn 


Zr 


V 


Mo 


Cr 


Fe 


Cu 


N 


1 


5.4 


- 


- 


- 


- 


- 


- 


- 


- 


2 


5.1 


2.4 


- 


- 




- 


- 


- 


- 


3 


3.2 


2.4 


- 


- 


- 


- 


- 


- 


- 


4 


5.0 


2.4 


- 


- 


- 


- 


- 


- 


- 


5 


5.1 


2.3 


- 


- 


- 


- 


- 


- 


- 


6 


- 


- 


- 


2.5 


- 


- 


- 


- 




7 


6.0 


- 


- 


3.9 


- 


- 


- 


- 


- 


8 


5.2 


- 


- 


4.1 




- 


- 


- 


- 


9 


5.9 




- 


4.1 


- 


- 


- 


- 


- 


10 


6.0 




- 


4.0 


- 


- 


- 


- 


- 


11 


6.0 


- 


- 


3.9 


- 


- 


- 


- 


- 


12 


6.1 


- 


- 


3.9 


- 


- 


- 


- 


- 


13 


6.1 


- 


- 


4.1 


- 


- 


- 




- 


14 


6.0 






4.0 












15 


6.0 






3.9 












16 


6.0 






4.2 












17 


6.0 






4.0 












18 


5.8 






4.1 












19 


6.0 






3.9 












20 


6.1 






4.1 













(table continued) 



No 


Additive elements (% by weight) 


Stress testing 
(kg/mm^) 


1* 


2* 


0 


P 


As 


Sb 


Se 


Bi 


s 


Te 


B 


Normal 
temp. 


400**C 


1 


0.14 


0.020 


- 


- 


- 


- 


- 


- 


- 


98.3 


52.3 


0 


EI (2) 


2 


0.16 


0.030 




- 


- 


- 


- 


- 


- 


112.2 


59.5 


0 


EI (3) 


3 


0.16 


0.10 
















120.8 


68.1 


0 


4 


0.2 


0.040 


- 


- 


- 


0.01 




- 


- 


121.8 


67.1 


0 


5 


0.26 


0.020 


- 


- 


- 




0.01 


- 


- 


126.3 


71.4 


0 


6 


0.16 


0.040 


- 


- 


- 


- 


- 


- 


- 


64.5 


27.4 


0 


EI (4) 


7 


0.10 


0.001 


- 


- 


- 


- 




- 


- 


100.2 


52.6 


0 


EI (5) 


8 


0.10 


0.48 


- 


- 


- 


- 


- 


- 


- 


115.2 


62.1 


0 


9 


0.13 


0.010 




- 


- 


- 


- 


- 


- 


102.2 


52.1 


0 


10 


0.21 


0.010 




- 


- 


- 


- 


- 


- 


113.2 


62.2 


0 


II 


0.24 


0.020 


- 


- 


- 


- 


- 


- 


- 


115.1 


53.1 


0 


12 


0.31 


0.054 


- 


- 


- 


- 


- 


- 


- 


120.4 


68.4 


0 


13 


0.46 


0.070 


- 


- 


- 




- 




- 


129.1 


73.1 


0 


14 


0.18 




0.02 














105.1 


54.1 


0 


15 


0.25 








0.01 










114.2 


62.2 


0 


16 


0.22 






0.05 












113.4 


62.4 


0 


17 


0.45 


0.024 
















131.2 


78.2 


0 


18 


0.67 


0.120 






0.02 










127.9 


74.3 


0 


19 


0.23 
















0.06 


116.4 


64.4 


0 


20 


0.2 


0.010 










0.02 






110.9 


60.3 


0 



(Structure evaluation: O: uniform microstructure, A: slightly rough structure, 

x: rough structure) 
Note: 1 * : Structure evaluation of cast material 

2*: Classification 

EI: Embodiment of the invention 
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[0019] 

Table 2 11 



No. 


Alloy component (% by weight) 


Al 


Sn 


Zr 


V 


Mo 


Cr 


Fe 


Cu 


N 


21 


6.0 


- 


- 


4.0 


- 


- 


- 


- 


- 


22 


5.9 


- 


- 


4.1 


- 


- 


- 


- 


- 


23 


6.1 


- 


- 


3.9 


- 


- 


- 


- 


- 


24 


6.0 






4.2 


- 


- 


- 


- 


- 


25 


4.5 


- 


- 


3.1 


- 


- 


- 


- 




26 


4.6 


- 


- 


3.0 


- 


- 


- 


- 




27 


2.9 


- 


- 


2.7 


- 


- 


- 


- 


- 


28 


3.1 


- 


- 


2.5 


- 


- 


- 


- 


- 


29 


3.0 


- 


- 


2.6 


- 


- 


- 


- 


- 


30 


3.0 


— 


- 


2.4 


- 


- 


- 


- 




31 


3.0 


— 


— 


2.5 


- 


- 


- 


- 


- 


32 


2.8 




— 


2.5 


- 


- 


- 


- 


- 


33 


2.8 


- 


- 


2.5 


- 


- 


- 


- 


- 


34 


3.1 






2.3 












35 


2.1 






1.4 












36 


2.2 






1.4 












37 


5.9 


1.9 




5.5 






0.9 


0.8 




38 


5.9 


2.2 


4.2 




1.8 










39 


6,0 






3.9 






0.3 






40 


6.0 






3.9 






1.2 







(table continued) 



No 


Additive elements (% by weight) 


Stress testing 

(kg/mm^) 


1* 


2* 


0 


P 


As 


Sb 


Se 


Bi 


s 


Te 


B 


Normal 

temp. 


400T 


21 


0.21 


0.030 




- 


- 


0.01 


- 


- 


- 


113.9 


61.8 


0 


EI (5) 


22 


0.22 


0.010 


- 


- 


- 


- 


- 


0.03 


- 


112.4 


62.0 


0 


23 


0.78 


0.001 


- 


- 


- 


- 


- 


- 




128.1 


70.3 


0 


24 


0.80 


0.47 


- 


- 


- 


- 


- 


- 


- 


134.9 


79.2 


0 


25 


0.13 


0.23 


- 


- 


- 


- 


- 


- 


- 


88.3 


40.2 


0 


26 


0.24 


0.052 


- 


- 


- 


- 


- 


- 


- 


98.2 


47.3 


0 


27 


0.1 


0.010 


- 




- 


- 


- 


- 


- 


62.7 


31.8 


0 


28 


0.13 


0.015 


- 


- 


- 


- 


- 


- 


- 


68.2 


37.2 


0 


29 


0.21 


0.017 


- 


- 


- 


- 


- 


- 


- 


70.9 


39.2 


O 


30 


0.23 


0.047 


- 


_ 


- 


- 


- 


0.02 


- 


79.2 


45.8 


0 


31 


0.36 


0.077 


- 




- 


- 


- 


- 


- 


81.3 


45.8 


0 


32 


0.41 


0.092 


- 


- 


- 


- 


- 


- 


- 


85.3 


45.8 


0 


33 


0.47 


0.23 


- 


- 


- 


- 


- 


- 


- 


98.3 


64.5 


0 


34 


0.18 




0.01 


0.01 










0.01 


75.3 


41.3 


0 


35 


0,1 


0.022 
















68.2 


28.3 


0 


36 


0.13 


0.052 




0.05 












66.3 


35.3 


0 


37 


0.18 


0.046 
















121.4 


70.4 


0 


EI (6) 


38 


0.24 


0.082 
















128.3 


74.3 


0 


39 


0.21 


0.060 














0.06 


118.1 


50.8 


0 


40 


0.20 


0.090 
















121.4 


66.9 


0 



(Structure evaluation: O: uniform microstructure, A: slightly rough structure, 

x: rough structure) 
Note: 1 * : Structure evaluation of cast material 

2*: Classification 

EI: Embodiment of the invention 
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[0020] 



Table 3 



No. 


Alloy component (% by weight) 


Al 


Sn 


Zr 


V 


Mo 


Cr 


Fe 


Cu 


N 


41 


3.0 


- 


- 


2.4 


- 


- 


0.3 


- 


- 


42 


3.0 


- 


- 


2.4 


- 


- 


1.5 




- 


43 


2.0 


- 


- 


1.1 


- 


- 


0,2 


- 


- 


44 


2.0 


- 


- 


1.1 


- 


- 


1.4 


- 


- 


45 


3.1 


2-9 


- 


15.1 




2.7 


- 


- 




46 


3.2 


3.0 


- 


15.4 


- 


2.8 


- 


- 


- 


47 


3.1 


2.8 




15.0 




2.8 








48 


3.2 




4.2 


8.1 


3.8 


2.2 








49 














0,2 




0.02 


50 














0.5 




0.08 


51 














2.7 




0.10 


52 














0.4 




0.05 


53 














0.7 




0.08 



/8 



(table continued) 



No 


Additive elements (% by weight) 


Stress testing 
(kg/mm^) 


1* 


2* 


0 


p 


As 


Sb 


Se 


Bi 


s 


Te 


B 


Normal 
temp. 


400"C 


41 


0.18 


0.060 


- 


- 


- 


- 


- 


- 




79.4 


42.3 


0 


EI (6) 


42 


0.33 


0.092 


- 


- 


- 


- 


- 


- 


- 


101.8 


57.5 


0 


43 


0.18 


0.044 


- 


- 


- 


- 


- 


- 


- 


65.2 


32.1 


0 


44 


0.41 


0.110 






- 


- 


- 


- 


- 


90.1 


48.9 


0 


45 


0.11 


0.020 


- 


- 


- 


- 


- 


- 


- 


112.4 


69.4 


0 


EI (7) 


46 


0.18 


0.040 


- 


- 


- 


- 


- 


- 


- 


127.5 


74.5 


0 


47 


0.24 


0.052 
















135.2 


79.2 


O 


48 


@ 


0.050 












0.04 




136.6 


79.6 


O 


49 


0.15 


0.040 
















66.5 


35.2 


0 


EI (8) 


50 


0.21 


0.080 
















75.3 


42.7 


0 


51 


0.12 


0.180 


0.01 














100.4 


59.2 


0 


52 


0.20 


0.040 






0.01 




0.02 






69.3 


41.1 


0 


53 


0.10 


0.100 








0.01 




0.01 




78.1 


46.2 


0 



(Structure evaluation: O: uniform microstructure. A: slightly rough structure, 

x: rough structure) 
Note: 1 * : Structure evaluation of cast material 

2*: Classification 

EI: Embodiment of the invention 



Table 4 



No. 


Alloy component (% by weight) 


Al 


Sn 


Zr 


V 


Mo 


Cr 


Fe 


Cu 


N 


54 


5.0 


2.4 


- 


- 


- 


- 


- 


- 


- 


55 


- 


- 


- 


2.6 


- 


- 


- 


- 


- 


56 


6.0 


- 


- 


4.1 


- 


- 


- 


- 




57 


5,8 


- 


- 


4,1 


- 


- 


- 


- 


- 


58 


6.0 


- 


- 


3.9 


- 


- 


- 


- 


- 


59 


6.1 


- 


- 


4.1 


- 


- 


- 


- 


- 


60 


4.4 


- 


- 


3.0 


- 


- 


- 


_ 


- 


61 


2.9 


- 


- 


2.5 


- 


- 


- 


- 


- 


62 


2.1 


- 


- 


1.5 


- 


- 


- 


- 


- 


63 


3.0 


3.1 


- 


15.1 


- 


3.0 


- 


- 


- 


64 


- 


- 


- 


- 


- 


- 


0.6 


- 


0.04 


65 


5.6 


- 


- 


- 


- 


- 


- 


- 


- 


66 


4.9 


2.5 
















67 


6.2 






4.0 












68 


3.0 






2.5 












69 


5.9 


1.9 




5.3 






0.9 


0.8 




70 


5.9 


2.1 


4,1 




1.9 










71 


2.9 


2.9 




14.9 




2.7 








72 


3.1 




4.3 


3.1 


3.7 


5.1 
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(table continued) 









Additive elements (% by weight) 


Stress testing 






No 






(kg/mm^) 




1* 


2* 




0 


P 


As 


Sb 


Se 


Bi 


S 


Te 


B 


Normal 
temp. 


400*^0 






54 


0.15 


0.51 
















135.1 


86.1 


A 




55 


0.15 


















48.2 


20.8 


X 




56 


0.34 


0.65 
















141.2 


89.2 


A 




57 


0.09 


0.06 
















99.3 


50.3 


A 




58 


0.25 


0.52 
















136.4 


82.4 


A 




59 


0.32 


0.05 
















132.9 


80.3 


A 




60 


0.11 


















75.4 


43.8 


X 




61 


0.15 


0.51 
















113.5 


84.5 


A 




62 


0.07 


















50.3 


21.3 


X 




63 


0.90 


















139.0 


92.5 


A 


CE 


64 


0.09 


















48.4 


26.8 


A 




65 


0.11 


















88.3 


48.3 


A 




66 


0.16 


















94.2 


51.2 


X 




67 


0.15 


















91.1 


47.1 


X 




68 


0.11 


















58.3 


29.3 


X 




69 


0.18 


















95.3 


58.8 


X 




70 


0.10 


















90.8 


56.8 


X 




71 


0.11 


















103.5 


59.5 


X 




72 


0,09 


















112.1 


68.1 


X 





(Structure evaluation: O: uniform microstructure, A: slightly rough structure, 

x: rough structure) 
Note: 1 * : Structure evaluation of cast material 

2*: Classification 

CE: Comparative example 

[0022] 

Effect of the invention 

With the present invention, a type, a+P type and p type titanium alloys having uniform 
microstructure and improved strength at normal and high temperatures are provided while 
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retaining the usual characteristics of titanium alloys such as high specific strength and 
satisfactory corrosion resistance, and offering titanium alloys that can be used at higher 
temperatures than the conventional materials. Further, titanium alloys having uniform 
microstructure even as cast materials and excellent strength and ductility can be provided with 
notable industrial effect. 

Brief explanation of the illustration 

Figure 1 The photographs show the metallic structure of an embodiment of the present 
invention (a) and a comparative example (b) described above. 
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(2) 

1 

immcom] 

fctJV>T, M%KrOi&0. 1-0. 8%»L.. *> 
-pp. As, Sb. Bi. S, Se. Te, BcOlS* 

fzii2mj±im&%izx^tfo. ooi~o. 5%m 

>-&^tcfcv^Ts M%troSrO. 1~0. 8%a^D 10 

A^OP. As, Sb, Bi, S, Se,Te, ^ffi 
ia*fJS2aW±5:fiS%fC^H-0. 00 1-0. 

[»*^3] SS%{CTA1 : 0. 5~7%fcJ:t^S 
n : l~6%Sr^*L, lH^^W^mpm 

0. 1~0. 8%gsjDL, *^oP, As. Sb, Bi. 
S. Se. Te. BO l«t7tJi;2aW±lrm«%(lT 
-^IhO. 0 01-0. 5%aSjDU^::fc$r#Si:-rS% 20 

imm4] «»%IC-CV : 0. 2~7%S-i-*L, 

y^KfcV^T, M%tTO$-0. 1~0. 8%» 
*>OP, As, Sb, Bi, S, Se,Te, BcO 

imttiii2mii±imA%izx-k^fo. ooi~o. 

[i8*JS5] fi»%{CTA I : 0. 5-7%fcJ:t/ 
V: 0. 2-12%Sr#*L. SSB**Ti*5J:lPpnrii 30 

{CTOS-0. 1—0. 8%^JdL. A^OP. As. S 
b. Bi, S. Se. Te. B(r>imtfdi2fm±i 

m&.%izx'^o. 0 01-0. 5%mMit:zb^n 
imsm] m&%i,zxAi ■. o. 5-1 %h. v: 

0. 2-1 2%4?t<iMo : l-lXt^-^-^L. 
tiZSn : 1-6%, Zr : 3-8%, Fe : 0. 1-3 
%, Cu : 0. l-3%«01«^5t{i2aUUi2r^W 

i-^y^izii\>^X.m&%l,zxoio. 1-0. 8% 

asJPLs *»oP, As, Sb, Bi, S, Se, Te, 

Bcoia^fc«2atLhS:a«%tct:-&tfo. 001- 
0. 5%mtt:zbi:miti'i>i^mmm<^^ 

^i-i>y^-k. 

[i»^«7] aft%{3TV, Mo, C rC7)lSt7t<i 
2Sm±$r^lf9-2 7%^^rU, $^>tCAl : 0. 5 
-4%. Sn : 1-6%, Zr : 3-8%<0ia*;t{i 
2ajy±$r#^t. »a5*<Tifcj:tPr^igW>P*G» 
^)^:l>;9Mf-:5'>'^^t:teV^T, M%tcTO$rO. 1 50 
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-0 . 8%»L, *>OP , As, Sb, Bi, S, S 
e, Te. B<^im.ifz\i2WX±.^'SM%\ZX'^%[ 

0. 001-0. 5%ms&Litzbi'mib-rhi^-Wi 
mm^mm.^'f-?y^, 

mimS] afi%t:-CFe : 0. l-3%i3j:tf 
N:0. 0 1-0. 12%i^^l,X.mi>ifTii5X 

fi%t=TO$:0. 1-0. 8%J^SPL, *»-pP. As. 
Sb. Bi. S. Se. Te. hff)imttz\i2m)± 

*S«%icT^tfo. ooi-o. 5%mL-k:ibi 
^WLb-tti^-wmmtmiLi'^y^, 

[000 1] 

a^^y-^ifetcfev^T, m&i5Xim&z}nfms^i: 

[0002] 

i)^-ommihmix\'^hzbi)^ti>. ^mm^: 
a tm< mmimmx-m^tLxts o , m^<r> 

/9 io =5: S /3 Sto 3 as I. , 
[0003] aS-^^W±T i-5Al-2. 5Sn, 
Ti-5. 5Al^b'mh> Ztlh<r>^{mi-i'y 

tc< (,Kx^^^< 0mjmTxumz^^x'hi> 
rcii>. ^^izmim^^mximi' 'j-rmzmi 

TfcO, m^mDa:yi;yy-x^j:i;izm^ti^. « 
+ /9S-S^{C«Ti-6Al -4V. Ti-3A1- 
2. 5V. Ti-6Al-2Sn-4Zr-2Moi3j: 
t;fTi-6Al -2Sn-4Zr-6Mo-^^^t'*5J> 

t'cogpffsjsttk. ^mxmimm^sb'coms'am. 
0 , ^smmmtizmm^tL?,. m^Mzur i - 1 

5V-3C r-3Sn-3A 1 , Ti-3A1-8V- 
6Cr-4Mo-4Z r<(rfc'*^S>S. ::fl4>«i^fC 

/SfflSrSS^-tirS b tpX'^ i,(r>X'<^mmxmzm.. 
[0004] ±IBLfc#f-:? y-^Mi^ ^^j^SiSSfiS 

^^y^ii^mmzm txs^mt t <7)^mx'mm^ 
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^m^mUi. Ti -3 A I - 2. 5VT-Ji9 3 0 
V. Ti-6A1 -4VT'ii990''C) aT(DiSaSiWM 

{00053 
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i: ^ ^SDliaKKH<7)$ij|l*>-ig|pt'# S .1 i: 
fz. 
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(5)M%tCTAl :0. 5-7%fcJ:t/V: 0. 2 

- 1 2 L , Sgi5*<T i ii J:lPF^iS6tj^Mft*» 
A>^l.a + /3^:5'y-^^lCi3t^T, M%t-COSrO. 
1-0. 8%^nL, i^oP. As, Sb. Bi. S. 
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wmmm.-f^y^, 
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$r-&*L, ^*iTitJj:t^>gW^*ietl*'^.^l)i8 

a^^'y-^^tfev^r, SJi%{=ro2:o. i-o. 8 

%»t, *»OP, As, Sb, Bi, S, Se, T 
e, B<7)l«*^Ji2aJiUiS:a«%fcT-&tt0. 0 0 
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[0 008] ff^^maS, a+0mi5XX/0m<O^ 

mf-^y^^iz, ofciutp. As. Sb. Bi. s, 

Se, Te. Bcr>imtfdi2mVJ±t:m^mvtlZ 

aM^i£<7)f^««»JtU-rTi-5Al-2. 5S 
n, a + i8a-^<0ft^tLTTi-6A l-4Vfc 
J:t/Ti-3Al-2. 5V, fcirZ/SM-^^cOft^ 
fctTTi -1 5V-3Cr-3Sn-3A 1 
Ob. PlSitXAs, Sb. Bi, S. Se. Te, B 

bim-^mMUzmAimixmmmtt. m&a 
xim}&x'co3\^^}iXifmiw<.tz. -e^oi^*, 
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^tiTifc-ft-^^mU, ZtiiiiObmti>b-7h 

'J 7 ^';^<o5i^bi: t i {zm-^it^^b ixmrnmi. 
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(4) 

5 

T, zmmmmtto. pmmmm'itm^'> 

*»oP^i:'<7)7C^<7)iatJtli2aUUiS:-&H-0. 0 0 
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